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The object of research is image compression algorithms 
based on mathematical methods. The main problem with image 
compression is loss of quality during recovery. The approach 
is proposed in which the user can determine the quality of the 
reconstructed image itself. This is achieved due to the use of the 
spline interpolation method, which allows to set the compression 
ratio, thus controlling the quality of the decoded image.

The use of the spline function for image compression makes 
it possible to reduce the processing time of files due to the sim-
plicity of the mathematical model of the algorithm. Given the 
accuracy of the restored image, the algorithm determines the size 
of the compressed file, depending on the color scale.

As a result of the analysis of the proposed development, the 
compression coefficients are shown, which show that the size of 
the compressed image can be smaller than the original image by 
50–70 %. The decoding is performed using known spline func-
tion coefficients. The result is compared with the original file. 
The difference between the intensity of the points of the source 
and decoded images determines the quality of the restoration.

An algorithm is obtained that allows one to specify the ac-
curacy of the reconstructed image. This result depends on the 
weighting coefficients of the spline function, which affect the 
accuracy of the construction of the approximating polynomial. 
A feature of the proposed approach is the ability of the user to 
specify the accuracy and quality of the image after decoding. This 
is achieved due to the fact that points close in intensity value are 
restored with a small error.

In this paper, let’s propose an approach involving the sequen-
tial extraction of blocks of points of equal intensity. For the se-
lected blocks, an approximating polynomial is constructed based 
on the spline function, and the coefficients of the polynomial 
are transferred to a file containing information for image recon-
struction. So it is possible to obtain large compression ratios by 
building a polynomial for blocks containing points that are close 
in intensity.
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The object of research is the process of selecting a synergis-
tically determined pair for the elements of complex systems in 
the design, manufacture or repair. One of the most problematic 
places in the selection is the need to numerically evaluate the re-
sult of combining the elements, taking into account the explicit, 
additive properties of elements and hidden manifestations of the 
pair that are unusual for the elements alone (emergence). Lack of 
accounting for emergence can significantly distort the apparent 
picture of the processes taking place in systems, which makes 
many existing models of such processes inadequate.

During the research, methods of extracting information from 
arrays known, hidden for direct observation were used. In parti
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cular, four-layer hidden Markov models with an additional hid-
den layer were used. The models were trained by the Baum-Welch 
method, adapted to work with an additional layer. As training 
samples used data obtained as a result of statistical processing of 
information available for object monitoring, expert assessments, 
as well as data obtained in the world’s computer networks.

The test of the method and model on real medical and techni-
cal objects confirms their clinical and technical effectiveness. In 
particular, thanks to this in the medical industry:

– in the medical industry, the incidence of thromboembolism 
of the branches of the pulmonary artery and deep veins of the 
thigh and lower leg are decreased by 65 %;

– frequency of postoperative bleeding is decreased by 43 %;
– by 36 % the total number of drug-related medicines aimed 

at correcting the blood coagulation system is decreased.
In the technical field, the test results confirm the increase in 

the service life of rubber-metal shock absorbers by 14.5 %.
This is due to the fact that the proposed method has a num-

ber of features, in particular, for the first time in its evaluation of 
emergence a four-layer hidden Markov model is used.

The results obtained in the work make it possible to propose 
a general scheme of an intellectual decision support system in 
the selection of a synergistically determined pair of elements for 
complex systems of various purposes.

Keywords: synergetic effect, accounting for emergence, hid-
den Markov model, hidden layer, adequacy of the model.
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The object of research is the criteria for selecting the e-docu-
ment management system (EDMS) in the IT market of Ukraine 
and the life cycle of the management decision in the EDMS. 
One of the most problematic places is the lack of systematic  



ABSTRACTS AND REFERENCES: SYSTEMS AND CONTROL PROCESSES

73TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 3/2(41), 2018

ISSN 2226-3780

research on the state and peculiarities of the implementation of 
document management automation systems in Ukraine. Data 
on market volumes and development prospects are approximate 
and are determined on the basis of the assessments of the market 
participants themselves. In such circumstances, the choice of 
software for e-document management is becoming a challenge. 
The modern process approach in EDMS obliges the customer to 
clearly represent the essence of automation processes. A signifi-
cant factor affecting the success of e-document implementation 
projects is the need to formalize the basic processes.

In the process of research, the following methods were 
used: bibliographic, monographic, comparative and synthetically 
analytical, method of logical generalization and systematization, 
algorithmic with graphical representation of the results.

The complex analysis of the features of the introduction and 
actual trends in the development of the world and Ukrainian e-
document management systems was conducted. Taking into ac-
count these features and trends, a system of effective evaluation 
criteria for software for the automation of Ukrainian document 
management has been developed. The criteria are divided into 
groups corresponding to the stages of the life cycle of the auto-
mated system and the requirements of the modern IT market.

The developed system of criteria allows the enterprise-cus-
tomer to carry out the optimal choice of software for introduc-
tion of e-document circulation on the set of those criteria that 
satisfy its automation tasks.

The detailed description of the formalized algorithm of the 
life cycle of the management solution in e-document manage-
ment systems of Ukraine is given. Thanks to the use of such algo-
rithms, at the start of the implementation projects, the customer 
enterprise provides a clear understanding of the essence of the 
automation processes, which, accordingly, reduces the risks of 
the project.

Keywords: e-document management systems, management 
of information resource, process management, selection criteria.
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The object of the research is the project of a logistics center, 
which is considered as an organizational and production inte-
grated complex system, the main task of which is provision of the 
conditions for the integration of various objects of logistical and 
related infrastructure in one territory. This provides an opportu-
nity to improve the movement of logistic flows.

One of the most problematic places is the lack of a project-
oriented approach in the creation of a logistics center, which 
is characterized by a large number of participants, changing 
throughout its life cycle. This leads to the emergence of integra-
tion project risks, for the prevention of which it is necessary to 
develop an approach to qualitative risk analysis that takes into 
account the specific features of the research object.

In the course of the study, the concept of «integration project 
risk» is defined and a sequence of qualitative analysis of inte-
gration risks in the project of creating a logistics center is also 
developed, which consists of using quality management methods, 
namely: Pareto analysis, ABC analysis and Ishikawa cause-and-
effect analysis. The application of methods of qualitative analysis 
is carried out in a logical sequence. The output data obtained 
from the previous analysis is the input for the next stage of the 
study.

The obtained results of a qualitative risk analysis allow at the 
initial stage of the project to increase the impact on its results by 



ABSTRACTS AND REFERENCES: SYSTEMS AND CONTROL PROCESSES

74 ТЕХНОЛОГІЧНИЙ АУДИТ ТА РЕЗЕРВИ ВИРОБНИЦТВА — № 3/2(41), 2018

ISSN 2226-3780

reducing the degree of integration risks. In particular, the Pareto 
analysis is proposed to be used to identify the main reasons for 
the emergence of integration risks for the project of creating a 
logistics center. ABC-analysis allows to identify project partici-
pants who have the greatest number of integration ties. There-
fore, the withdrawal of such a participant from the project will 
bring the greatest violations of integration between the elements 
of the system. The Ishikawa cause-and-effect analysis makes it 
possible to identify the causes of the disruption of integration 
ties between the project participants and to determine the least 
powerful integration ties between the participants.

Consequently, using of the proposed sequence of qualita-
tive analysis will identify the project participants who are most 
vulnerable to the impact of integration risks and determine the 
power of integration ties between them. This, in turn, will allow 
taking measures to prevent the approaching of integration risks 
in the project of creating a logistics center.

Keywords: project of creating a logistics center, integration 
risks, qualitative analysis of project risks.
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The object of research is the methods of recognizing the 
speaker gender by means of speech signals. One of the most 
problematic places is insufficient knowledge of the choice of signs 
and decisive rules. This is necessary to increase the probability 
of correct recognition and noise immunity of gender recognition 
by voice signals in conditions of interference. It is also important 
to simplify the implementation of algorithms for recognizing the 
speaker gender.

For recognition of the speaker gender, a new set of clas-
sification characteristics is selected, including the joint use of 
estimates of the average value of the pitch frequency, its kurtosis 
coefficient, estimates of the mean values of the formants and their 
asymmetry coefficients. In the course of the research, the method 
of statistical testing of the proposed algorithms on a personal 
computer is used. The experiments are carried out using real au-
dio signals input from a microphone into a personal computer for 
both female and male representatives, and recorded as separate 
files. For this purpose, 10 standards of 10 words are used for each 
of the 5 female speakers and 5 male speakers.

Based on the results of statistical tests for an algorithm in-
volving the joint use of estimates of the mean value of the pitch 
frequency, its kurtosis coefficient, estimates of the mean values of 
the formants and their asymmetry coefficients, an average pro
bability of correct recognition is obtained 1. With the additional 
action of additive noise of the Gaussian type, white noise and the 
ratio of the signal/noise q=20, for such algorithm the probability 
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of correct recognition is experimentally obtained – 0.8. For the 
decision algorithm, which uses only estimates of the average 
value of the pitch frequency and its kurtosis coefficient, an aver-
age probability of correct recognition is estimated at 0.9. This 
indicates more noise immunity of such algorithms.

In the future, the use of the obtained results not only for Rus-
sian and Ukrainian languages, but also for a number of foreign 
languages is supposed.

Keywords: speaker gender recognition, formant-band signs, 
asymmetry coefficient, pitch frequency.
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The object of research is digital literacy. There are many 
methods for assessing the level of digital literacy in society. Par-
ticular attention is paid to the conceptual model of the formation 
and evaluation of the level of digital literacy, which involves 
identifying all areas of knowledge, skills and connections that 
should be considered for development of digital competence.

One of the most problematic places is that full-scale imple-
mentation of digital competences, in accordance with the con-
ceptual model, is significantly complicated in modern Ukrainian 
society. The structure of digital competencies for specialists from 
different fields is not harmonized, it does not take into account 
the special professional needs, which should focus on the forma-
tion of curricula and training materials designed to form the 
appropriate digital skills. The educational reform that is taking 
place in Ukraine is fundamentally changing approaches, methods 
and learning technologies. At the same time, decisive changes in 
the direction of digitization of education and the provision of 
skills to the relevant digital competences to different groups of 
the population can only be achieved if the state supports edu-
cational reforms. International standards for measuring global 
computer literacy in Ukraine are only beginning to be used, 
which does not allow Ukrainian citizens to fully realize their 
potential.

During the research, the necessity of harmonious introduc-
tion of digital technologies in the educational process of univer-
sities was substantiated, the principles of Ukraine’s development 
in the digital community and the basis for the development of 
its digital economy were determined. The article proposes an 
author’s model for measuring the digital competence of students, 
which is the evolution of a pyramid model of digital literacy. 
This model links the components of digital literacy with the 
development processes from the general methods of using digital 
competences to the improvement of the digital skills needed 
by specialists of certain branches. It is very important that this 
model focuses on the need to change the digital competences 
depending on the context of professional activity.

Keywords: digital competences, postindustrial education, 
information society, digital literacy, media literacy, information 
literacy.
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The subject of the study is the wireless sensor network of the 
ZigBee protocol, which in this study is proposed for performing 
the function of measuring the distance between objects. The 
main areas of application are security facilities, such as ware-
houses, shops, exhibitions and expositions, where it is important 
to control the movement of valuables in a limited area with  
a large concentration of people. The sensors are made on a flex-
ible basis, attach to valuable objects and all the time transfer 
information about the distance relative to each other. One of 
the most problematic places is the limited bandwidth of data 
transmission channels. Also, for the above-described rooms are 
all kinds of obstacles, like mechanical (walls, partitions, metal 
shelves), and radio interference, for example, wireless network 
interfaces of buyers’ phones and others.

The study used a method to improve the performance of 
wireless sensor networks within computerized distance measure-
ment systems based on the decomposition of the lower levels of 
the OSI reference model.

The same capacity indicators as for analogues were obtained, 
but the load that the network node sustained was 2.5 times 
higher. This is due to the fact that the proposed method of 
increasing productivity, has a number of features that improve 
performance characteristics, in particular in areas of uncertain 
reception almost twice.

Thanks to this, it is possible to operate the network at 
 a maximum speed of 32.5 Mbps. Compared to analogs in which 
the maximum speed is 12.5 Mbps this provides more accurate 
results of distance measurement. Also, thanks to this speed re-
serve, the best noise immunity is provided, as well as the ability 
to locate network nodes at distances that are greater than those 
of analogues.

Keywords: wireless network, mechanical quantities, compu
terized measurement system, information-measuring system.
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The object of the research is the processes of managing 
resources of queues in network devices of telecommunication 
networks.

The one of most problem places is ineffective management of 
queues in network devices that results in worsening the servic-
ing quality. They are based mainly on decentralized algorithms 
of managing resources, realized on separate nodes of networks. 
The other important disadvantage is realization of the static 
hand strategy of allocation of channel resources, which managing 
process is not always adequate to the profile of input traffic. At 
the same time solutions, received on separate network nodes in 
concrete time moments, are not coordinated in the process. 

For eliminating the aforesaid shortcomings, there is offered 
to use the improved method of servicing queues in network de-
vices, one of key differences of the offered method is in the con-
trol over the time packets’ being in queues. And under conditions 
of exceeding the permissible time of waiting, a packet is transmit-
ted on a queue with a lower priority and first-turn servicing. It 
gives a possibility to improve the effectiveness of allocation of 
network resources by the criterion of servicing quality. 

For realizing this approach, there was developed the soft-
ware-based router model that, as opposite to known ones, has a 
module structure and gives a possibility to reproduce the work 
of a telecommunication network of any configuration in the real-
time mode. It is provided to use the router prototype for adaptive 
servicing the load of the main level. Comparing to analogous sys-
tems, created, based on CISCO equipment, the aforesaid model 
provides competitive advantages at the guaranteed quality of 



ABSTRACTS AND REFERENCES: SYSTEMS AND CONTROL PROCESSES

78 ТЕХНОЛОГІЧНИЙ АУДИТ ТА РЕЗЕРВИ ВИРОБНИЦТВА — № 3/2(41), 2018

ISSN 2226-3780

servicing the determined real-time streams with the synchro-
nous decrease of cost and complication of their setting. Under 
conditions of the additional productivity of hardware of the 
router prototype, the offered model is realized by the developed 
software. It provides an advantage by the efficiency of delivering 
correspondent real-time stream, namely decrease of delays at 
their processing reaches 40 %, jitter decrease – 35 %.

Keywords: multiservice network, quality of service, resource 
allocation, software-based router model.

References

1.	 Divanovic, S., Radonjic, M., Gardasevic, G., Radusinovic, I. 
(2013). Dynamic weighted round robin in crosspoint queued 
switch. 2013 21st Telecommunications Forum Telfor (TELFOR).  
Belgrade, 109–112. doi: http://doi.org/10.1109/telfor.2013. 
6716184 

2.	 Yfoulis, C. A., Xanthopoulos, C. (2010). Dynamic Router Buffer 
Sizing: An SLA-Based QoS Evaluation. 2010 Third International 
Conference on Communication Theory, Reliability, and Qua
lity of Service. Athens, 104–109. doi: http://doi.org/10.1109/
ctrq.2010.25 

3.	 Khan, A. A., Mir and Najeeb-ud-din, R. N. (2017). Buffer aware 
arbiter design to achieve improved QoS for NoC. TENCON 2017 – 
2017 IEEE Region 10 Conference. Penang, 2494–2499. doi: http://
doi.org/10.1109/tencon.2017.8228281 

4.	 Liao, S., Zhang, Q., Tian, Q., Tao, Y., Liu, B., Liu, N. et al. 
(2016). Research of on-board optical burst switching weight-
weighted round robin assembly algorithm based on the QoS 
guarantee. 15th International Conference on Optical Commu-
nications and Networks (ICOCN). Hangzhou, 1–3. doi: http:// 
doi.org/10.1109/icocn.2016.7875732 

5.	 Barreiros, M., Lundqvist, P. (2016). Policing and Shaping. QOS-
Enabled Networks: Tools and Foundations. Vol. 1. Wiley Telecom, 
101–116. doi: http://doi.org/10.1002/9781119109136.ch6 

6.	 Lei, T. H., Hsu, Y. T., Wang, I. C., Wen, C. H. P. (2017). Deploying 
QoS-assured service function chains with stochastic prediction 
models on VNF latency. 2017 IEEE Conference on Network Func-

tion Virtualization and Software Defined Networks (NFV-SDN). 
Berlin, 1–6. doi: http://doi.org/10.1109/nfv-sdn.2017.8169837 

7.	 Hirchoren, G. A., Porrez, N., Sala, I., Buraczewski, B. L. (2017). 
Quality of service in networks with self-similar traffic. 2017 XVII 
Workshop on Information Processing and Control (RPIC). Mar 
del Plata, 1–5. doi: http://doi.org/10.23919/rpic.2017.8214328 

8.	 Qianlin, L., Hongwei, D., Qing, C. (2016). Performance evalu-
ation of polling scheme with different priority service. 2016 8th 
IEEE International Conference on Communication Software and 
Networks (ICCSN). Beijing, 58–63. doi: http://doi.org/10.1109/
iccsn.2016.7586599 

9.	 Bisoy, S. K., Pandey, P. K., Pati, B. (2017). Design of an active 
queue management technique based on neural networks for 
congestion control. 2017 IEEE International Conference on Ad-
vanced Networks and Telecommunications Systems (ANTS). Bhu-
baneswar, 1–6. doi: http://doi.org/10.1109/ants.2017.8384104 

10.	 Bahaweres, R. B., Fauzi, A., Alaydrus, M. (2015). Comparative 
analysis of LLQ traffic scheduler to FIFO and CBWFQ on IP 
phone-based applications (VoIP) using Opnet (Riverbed). 2015 
1st International Conference on Wireless and Telematics (ICWT). 
Manado, 1–5. doi: http://doi.org/10.1109/icwt.2015.7449215 

11.	 Beshley, M., Romanchuk, V., Seliuchenko, M., Masiuk, A. (2015). 
Investigation the modified priority queuing method based on 
virtualized network test bed. The Experience of Designing and 
Application of CAD Systems in Microelectronics. Lviv, 1–4.  
doi: http://doi.org/10.1109/cadsm.2015.7230779 

12.	 Romanchuk, V., Beshley, M., Polishuk, A. Seliuchenko, M. (2018). 
Method for processing multiservice traffic in network node based 
on adaptive management of buffer resource. 2018 14th Interna-
tional Conference on Advanced Trends in Radioelecrtronics, Tele-
communications and Computer Engineering (TCSET). Lviv-Slavske, 
1118–1122. doi: http://doi.org/10.1109/tcset.2018.8336390 

13.	 Klymash, M., Romanchuk, V., Beshley, M., Polishuk, A. (2017). 
Investigation and Simulation of System for Data Flow Proces
sing in Multiservice Nodes Using Virtualization Mechanisms. 
2017 IEEE First Ukraine Conference on Electrical and Com-
puter Engineering (UKRCON). Kyiv, 989–993. doi: http:// 
doi.org/10.1109/ukrcon.2017.8100397 

MATHEMATICAL MODELING

DOI: 10.15587/2312-8372.2018.133694 

OPTIMIZATION OF THE ACYCLIC ADDERS OF BINARY CODES

page 55–65

Solomko Mykhailo, PhD, Associate Professor, Department of 
Computer Engineering, National University of Water and Envi-
ronmental Engineering, Rivne, Ukraine, e-mail: doctrinas@ukr.net,  
ORCID: http://orcid.org/0000-0003-0168-5657

The object of research is a prefix model for calculating adding 
and transport signals in a parallel adder circuit with a parallel 
transfer method. One of the most problematic places in the prefix 
model is the process of generating adding and carry signals, in 
which the beginning of the prefix calculation is provided from 
the first bit of the circuit. This leads, in the end, to excessive ac-
cumulation and complications of the hardware part of the device.

In the course of the research, a mathematical model is used to 
calculate the adding and carry signals in a parallel adder circuit 
based on the properties of a directed acyclic graph with two typi-
cal operations.

The complexity of the logical structure of the adder of binary 
codes is reduced, the depth of the circuit is reduced and the total 
length of the connecting wires is reduced. This is due to the fact 
that the proposed method for calculating adding and transport 

signals has a number of features of the device circuit synthesis, in 
particular, the application of a mathematical model based on the 
properties of an acyclic graph is calculated for:

–	 process of sequential (for lower order devices) and pa
rallel calculation of adding and carry signals, which, in the end, 
reduces the complexity of the hardware of the device and does 
not increase the depth of the circuit;

–	 comparison of the number of computational steps of an 
oriented acyclic graph with the number of transfers of one to the 
high-order bit in the adder circuit, which allows to determine the 
optimal number of computational steps for the structure of the 
device.

Due to this, it is possible to obtain optimal values for the 
complexity of the structure and the depth of the adder circuit. 
The connection between the number of computational steps 
of an oriented acyclic graph and the number of transfers in the 
parallel adder circuit with a parallel transport method indicates 
the expediency of comparing the structure of the adder with the 
corresponding oriented acyclic graph.

In comparison with similar known structures of 8-bit prefix 
adders, this provides an increase in the quality index of 8-bit 
acyclic adders, for example, by power consumption, the chip area, 
depending on the chosen structure, by 10–40 %.

Keywords: acyclic model, prefix model, directed acyclic 
graph, Ling Adder, Kogge-Stone Adder, Brent-Kung Adder.
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The object of the study is the modeling of multifactor 
systems in the sphere of geometric econometrics. Modeling of 
economic, ecological and any other processes that occur at real 
objects of management has its own peculiarities. In particular, its 
goal is to provide the basis for making the optimal management 
decision in the field of activity that is modeled. Currently, a wide 
range of methods and models have been developed.

One of the most problematic places is the need to take into 
consideration a large number of initial information of a different 
physical nature. This greatly complicates the model. Adequate 
models are complex, have limitations on the number of fac-
tors, and are not universal. Simpler universal models are rather  
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approximate, with low adequacy. These shortcomings are elimi-
nated in the method of creating universal models, proposed in 
the formalized geometric modeling of multifactor processes. This 
method should be able to take into consideration any finite set 
of factors, the quantity and quality of which could be changed 
without restructuring, in this case, the model itself.

In the course of research, the mathematical apparatus of 
Balyuba-Naidysh point calculation was used. That made it 
possible to conveniently formalize any number of outcomes of 
factors of different physical nature. On its basis, a sequence of 
constructing a geometric model using point aggregates has been 
developed, as well as its advantages and disadvantages. The 
basis of the developed method is the use of the properties of the 
simple ratio of three points of the line in Balyuba-Naidysh point 
calculation.

Owing to this, it became possible to split a complex multi-
factor problem into an appropriate number of simple one-factor 
problems, which greatly simplifies the calculations.

Thus, a method for creating universal geometric models  
using the Balyuba-Naidysh point calculation is proposed. It 
opens up new possibilities for modeling and studying multifactor 
systems, in comparison with similar known modeling methods. 
The method is universal, takes into consideration any necessary 
number of factors of any nature. It also makes it possible, with 
changing factors, to conveniently reconfigure the model without 
changing the model itself.

Keywords: formalized geometric modeling, aggregation of 
elements, Balyuba-Naidysh point calculation, parametric con-
nection, point aggregate.

References

1.	 Bondar, O. A. (2013). Interpretatsiinyi skhematyzm upravlinnia 
ekonomichnymy systemamy. Kyiv: Naukovyi svit, 121.

2.	 Pidhornyi, O. L., Ploskyi, V. O., Serheichuk, O. V. (2010). Ak-
taualni problemy heometrychnoho modeliuvannia v zadachakh 
enerhozberezhennia u budivnytstvi. Ventyliatsiia, osvitlennia ta 
teplohazapostachannia, 14, 25–31.

3.	 Prakhovnyk, A. V., Deshko, V. I., Shevchenko, O. M. (2011). 
Enerhetychna sertyfikatsiia budivel. Naukovi visti Natsionalnoho 
tekhnichnoho universytetu Ukrainy «Kyivskyi politekhnichnyi in-
stytut», 1, 140–153. Available at: http://nbuv.gov.ua/UJRN/
NVKPI_2011_1_22

4.	 Martynov, V. (2010). The determination of optimal propotions of 
buildings. Geometry and computer. Ustroh: Silesian University of 
technology Gliwice, 57–58.

5.	 Marsh, A. (2005). The Application of Shading Masks in Buil
ding Simulation. Ninth International IBPSA Conference. Mon-
treal. Avaialble at: http://www.ibpsa.org/proceedings/BS2005/
BS05_0725_732.pdf

6.	 Capeluto, I. G. Shaviv, E. (1997). Modeling the Design of Urban 
Grids and Fabric with Solar Rights Considerations. Proceeding 
of the ISES 1997 Solar World Congress. Taejon, 148–160.

7.	 Fabozzi, F. J., Vardharaj, R., Jones, F. J. (2012). Multifactor 
Equity Risk Models and Their Applications. Encyclopedia of 
Financial Models. doi: http://doi.org/10.1002/9781118182635.
efm0056 

8.	 Swindle, G. (2012). Multifactor Models. Valuation and Risk 
Management in Energy Markets, 221–222. doi: http://doi.org/ 
10.1017/cbo9781139568302.014 

9.	 Shank, J. D. (2012). Multifactor Asset Pricing Models and In-
dustry Portfolio Investment Strategies. SSRN Electronic Journal. 
doi: http://doi.org/10.2139/ssrn.2286937 

10.	 Tool for Rapid Assessment of City Energy (TRACE): Helping Ci
ties Use Energy Efficiently. Available at: http://www.esmap.org/
TRACE

11.	 Balyuba, I. G., Naydysh, V. M.; Vereshhaga, V. M. (Ed.) (2015). To-
chechnoe ischislenie. Melitopol: MGPU im. B. Khmel’nitskogo, 236.

12.	 Adoniev, Y., Vereshchaga, V. (2017). Technique of b-functions 
algebraic generation. Intellectual Archive: Shiny Word Corp,  
6 (5), 19–23.

13.	 Konopatskyi, Ye. V., Polishchuk, V. I. (2008). Teoretychni osnovy 
tochkovoho vyznachennia poverkhon zi zminnym sympleksom. 
Naukovi notatky. Mizhvuzivskyi zbirnyk, 22 (2), 276–281.

14.	 Bumaha, A. I. (2012). Tochkove rivniannia duhy paraboly druhoho 
poriadku. Prykladna heometriia ta inzhenerna hrafika, 90, 49–52.


